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Abstract: The aim our research was to develop effective methods for organic apple farming, based on the use of plant extracts to control
the asexual reproduction of Venturia inaequalis. Plant extracts of artemisinin, chelidonine, thymol, and populin tested in vitro under
laboratory conditions significantly slowed down the germination of V. inaequalis conidia. During a 2-year study under field conditions,
the effect of 1% populin, an extract from black poplar buds, on apple scab was tested in parallel with synthetic fungicides and a nopesticide regime on Golden Delicious and Jonathan apples. Populin significantly reduced the number of scabbed leaves and fruits on
Golden during the first year of the field evaluation compared to synthetic fungicides and had a similar effect as synthetic fungicides in
the second year of application. The mean number of scabbed leaves on Jonathan was reduced significantly by both synthetic fungicide
and populin applications in both years; however, while synthetic treatments did not reduce the number of scabbed fruits in the first
year, populin significantly reduced the number of lesions on fruits. According to these results, we concluded that the severity of apple
scab on commercial apple cultivars can be reduced using 1% populin plant extract as a cheap, alternative, and highly available method
of reducing the conidial spores. The estimated costs of spraying populin per hector on apple plantations were much lower than costs
for synthetic fungicides. Populin application may allow elimination or reduction of synthetic fungicide use and enable efficient organic
apple farming.
Key words: Apple cultivars, conidia, conventional treatment, field application, organic farming, populin treatment

1. Introduction
Apple is susceptible to a wide range of diseases, many of
which are present in all apple production regions in the
world (Way et al., 1990). In order to manage these diseases
and produce a marketable crop, growers have relied on 10
to 18 applications of synthetic chemicals (MacHardy et
al., 2001) at an annual cost of US$202 to $506 per hectare
(Reganold et al., 2001; Zhang et al., 2009; Slattery et al.,
2011). Apple growers usually adopt a zero-tolerance policy
toward pathogens (Percival and Boyle, 2005). Therefore,
the economics of fruit production require frequent
application of synthetic pesticides throughout the apple
growing season (Eccel et al., 2009). Increased pathogen
resistance to many of these commercial pesticides, together
with public demand to reduce pesticide use, stimulated
by greater responsiveness to environmental and health
issues, has placed greater emphasis on alternative control
strategies (Stains and Jones, 1985; Schnabel and Parisi,
1997; Schneider et al., 1997; Percival, 2008). However,
possibilities are limited for controlling these diseases,
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especially in organic apple systems (Bryk and BroniarekNiemiec, 2008; Valiuškaitė et al., 2009). Apple scab,
caused by Venturia inaequalis (Cke.) G. Wint., is one of
the most severe diseases of apple worldwide. Management
of this disease requires an intensive fungicide application
that could be improved or reduced if the probability of
scab infection were known (Aylor and Kiyomoto, 1993;
Sanogo and Aylor, 1997). Floral buds are first exposed
to ascosporous infection (Aylor and Kiyomoto, 1993;
Falk et al., 1995; Godec, 2004; Percival and Boyle, 2005;
Percival, 2008). Under dry weather conditions, the
number of primary infections may be low and growers
can use extended spray intervals (Rosenberger and Cox,
2010). Conidiophores, on which conidia (the asexual
spores) are produced, cause secondary infections on all
succulent plant parts throughout the growing season
(Stensvand et al., 1998). These lesions produce infective
conidial spores, and they may overwinter and not undergo
a sexual reproduction cycle in warmer areas (Schwabe,
1979; Schwabe et al., 1984; Anagnostakis and Aylor, 1991).
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The possibility of reducing or eradicating the different
stages of the apple scab has been investigated in numerous
studies (MacHardy, 1998; Bellon et al., 2001; Godec, 2004;
Gelvonauskienė et al., 2008; Eccel et al., 2009). Many of the
treatments reduced inoculum significantly, but even the
most effective method did not totally eliminate the need
for synthetic fungicide applications (Goldsworthy et al.,
1949; Gadoury et al., 1989; MacHardy, 1998; Rosenberger
and Cox, 2010). Techniques such as breeding resistant
apple cultivars do not appear to be very effective against
apple scab (Carisse and Dewdney, 2002); however, the
desirability of cheap and available alternative methods
continues to drive development. A potential alternative
resource to control apple scab includes plant extracts with
no detrimental effects on humans or animals. Plant extracts
with fungicidal effects include extract of ivy (Hedera
helix). Ivy contains compounds with fungicidal effects
against scab ascospores (Bengtsson et al., 2004). Similar
compounds from soapwort (Saponaria officinalis) were
also extracted and used experimentally on apple seedlings
in greenhouse experiments (Bengtsson et al., 2004, 2006).
However, while previous studies demonstrated the efficacy
of some plant extracts under laboratory conditions (Thiesz
et al., 2007; Bengtsson et al., 2009), little is known about
their effect on germination of conidia or their effectiveness
under field conditions. Moreover, the availability and
costs of these alternative products must be considered.
Therefore, we initiated research aimed at developing and
applying an effective method based on plant extracts to
control apple scab asexual reproduction.
2. Materials and methods
We carried out both laboratory and field experiments
to test the effects of several plant extracts on conidia
germination. A 2-year field experiment was carried out
to test the effect of populin, an extract from black poplar
(Populus nigra), on apple scab, in parallel with a synthetic
fungicide and a no-pesticide regime, on scab-susceptible
Golden Delicious and on partially susceptible Jonathan
apples.
2.1. Plant extract preparations
Extracts from the following plants were used to assess the
germination of conidia of V. inaequalis: sweet wormwood
(Artemisia annua), greater celandine (Chelidonium
maius), common thyme (Thymus vulgaris), and black
poplar (Populus nigra), each at a concentration of 1%
and 3%. Fresh plants materials consisting of leaves (sweet
wormwood, greater celandine, common thyme) and buds
(black poplar) were collected in early spring. In all assays
water was used as the negative control. The commercially
available plant materials (buds and leaves from each
plant) were dried in a ventilated oven at 45 °C for 24 h.
Twenty grams of the dried plant material were then

weighed in a 100-mL Erlenmeyer flask, to which 70 mL
of hexane (purity grade 99%) was added for preextraction.
The Erlenmeyer flask was placed in a sonicator bath
(Branson 8210 or some other type) and was sonicated at
a temperature of 40 °C for 30 min. The mixture was then
filtered and poured into a round-bottomed flask, and the
solvent was concentrated (at about 11 mmHg) to 5–10 mL
by means of a rotary evaporator, using a water bath at 40
°C. The residue was then placed in a 30-mL vessel and the
solvent was left to evaporate overnight in a well-ventilated
hood in order to eliminate the last traces of the solvent.
Concentrations of 1% and 3% were prepared with distilled
water in a sterilized Erlenmeyer and kept at 4 °C until used
for laboratory experiments. Gas chromatographic analyses
of all extracts were carried out, and the main components
(more than 95%) from each extract were identified (Table 1).
2.2. Influence of plant extract on conidia germination
under laboratory conditions
The experiment was carried out in climate chamber at 20
°C and 95%–100% humidity. Conidia of V. inaequalis were
collected in July from apple leaves and fruits of Golden
and Jonathan. Conidia were removed from lesions and
collected on 90-mm-diameter petri dishes containing agar
(potato dextrose agar: potato peptone 4 g/L, glucose 20
g/L, agar 15 g/L). All petri dishes were carefully examined
under the microscope, and the conidia were organized into
groups of 100 ± 5 in 5 or 6 areas of 1 cm2 in each petri dish.
One milliliter of a 1% concentrate of each plant extract
was sprayed onto spores in each dish, and the numbers
of geminated spores out of 100 were counted under the
stereomicroscope after 24 h in 3 randomly selected
areas of 1 cm2 in each petri dish. The entire experiment
was repeated 6 times with plant extracts at 1% and 3%
concentrations. Mean numbers of germinated spores out
of 100 in areas of 3 × 1 cm2 in each petri dish were used
to estimate germination. In addition, the length of hyphae
of germinated conidia was measured and expressed in
millimeters.
2.3. Field application of populin extract
The commercial sites consisted of 24 trees of each cultivar
(Golden Delicious, n = 24; Jonathan, n = 24), from which
8 served as controls (not treated), 8 were conventionally
treated with widely used synthetic fungicides (Tables 2
and 3), and 8 were treated with populin. Replicated sets
of trees per treatment (one tree from each treatment) were
distributed randomly. The sites were located in central
Transylvania, Mureş County, 10 km from Târgu Mureş
(46°38′53.62″N, 24°27′30.14″E) in a woodland area of
medium-high mountains. The trees were planted in black
forest soil (4%–6% organic matter, pH 5.2) and trained
under the central-leader system. Weeds were not controlled
during the experiment. No irrigation, fertilization, or
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Table 1. Plant extracts tested against Venturia inaequalis conidia germination.
Active component

IUPAC name

Molecular formula
H3C

Artemisinin

(3R,5aS,6R,8aS,9R,12S,12aR)Octahydro-3,6,9-trimethyl-3,12epoxy-12H-pyrano(4,3-j)-1,2benzodioxepin-10(3H)-one

O
O
O

O
O

C
CH3

H

H

H
CH3

O

OH

O

Chelidonine

Tertiary benzophenanthridine alkaloid

N
CH3

O
O

HO

Thymol

CH3

H3C

5-Methyl-2-(1-methylethyl) phenol

CH3
O

Populin

O

2-(Hydroxymethyl)phenyl-beta-Dglucopyranoside 6-benzoate

OH

O
O
HO

OH
OH

Table 2. First-year apple spraying program under 1% populin and conventional regime on Golden Delicious and Jonathan.
Nr.

Data

1

04.20

2

05.10

3

05.25

4

06.06

5

06.16

6

06.28

7

07.11

8

07.21

9

07.31

10

08.08

11

08.18

Apple

Name

Active ingredient

Dose (g/L)

%

Replicates

Quantity (g)

Water (L)

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Topsin-M 70 WP

Thiophanate-methyl

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Bravo 500 SC

Chlorothalonil

0.25 mL/L

0.0025

8+8

37.5 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15
15

GD, J

Populus

Populin

10

1

8+8

150

GD, J

Topsin-M 70 WP

Thiophanate-methyl

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Topsin-M 70 WP

Thiophanate-methyl

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Topsin-M 70 WP

Thiophanate-methyl

1

0,1

8+8

15

15
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pesticides were applied for 6 years prior to the experiment
or during the 2-year trial. For the field application, only
the 1% populin extract was used. This was done because
of technical issues: as black poplar is among the the most
frequently found arboreal plants in Europe and the United
States, plant materials (duds) can be easily procured or
collected, and a 1% concentration can be simply prepared
by growers (Tables 2 and 3). The 1% populin was prepared
before each treatment as described previously and applied
until run-off immediately or within 2 h of the conventional
treatments with a backpack sprayer (with an amount of 12
kg Populus in 1200 L of water). The first application was
done at the end of flowering (Tables 2 and 3). Treatments
were repeated at 10- to 20-day intervals, depending on
rainfall.

2.4. Field assessment of apple scab
Assessments of apple scab were made 2 days after the last
treatments each year for conventional, populin, and control
trees. Scab was assessed by careful inspection of leaves and
fruit on 10 shoots on the northern, southern, eastern, and
western sides of each trees (n = 40 shoots/tree), covering in
this way approximately 90% of the tree surfaces; the incidence
(i.e. percent leaves or fruit infected) and the respective
severity of leaves or fruits for apple scab were then assessed.
To assess severity, the method described by MacHardy
(1998) was used. Each leaf and fruit was classified into 1 of 4
different percentages of scab symptoms, according to foliar
discoloration and fruit damage, as follows: 1 = healthy (0%
or less than 5% foliar and fruit damage); 2 = slight infestation
(5% to 30% damage); 3 = moderate infestation (30% to 60%
damage); 4 = severe infestation (60% to 100% damage).

Table 3. Second-year apple spraying program under 1% populin and conventional regime on Golden Delicious and Jonathan.
Nr.

Data

1

03.30

2

04.14

3

05.10

4

05.24

5

06.08

6

06.21

7

07.01

8

07.13

9

07.28

10

08.10

11

08.22

12

09.06

Apple

Name

Active component

Doses
(g/L)

%

replicates

Quantity
(g)

Water
(L)

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Champ 77 WG

Copper(II) hydroxide

2

0.2

8+8

30

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Topas 100 EC

Penconazole

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45 + Topas 100 EC

Mancozeb + penconazole

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Systhane 12 E

Myclobutanil

0.041 mL/L

0.00041

8+8

0.62 mL

15

GD, J

Populus

Populin

10

1

8+8

150

15

GD, J

Dithane M-45

Mancozeb

1

0.1

8+8

15

15
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2.5. Data analyses
The data from laboratory experiments met the assumption
of normality; therefore, the Tukey test was used to test
differences between plant extracts, at concentrations of
1% and 3%, and the control. Data from field experiments
did not meet the assumption of normality. Therefore, the
nonparametric Kruskal–Wallis test was used, followed
by a Mann–Whitney test to compare the varieties. Data
comparisons between treatments were computed to
assess differences between apple scab infestation of both
Golden and Jonathan. Confidence limits of P < 99% were
considered significant for the lab experiment and P < 95%
for the field experiment. To distinguish between treatments
in the field experiment, we use the following abbreviations:
NT – nontreated (control), CT – conventionally treated
with synthetic fungicides, PT – 1% populin-treated.

populin, germinated spores had very short hyphae, which
represented approximately 10%–15% of the hyphae
length of germinated spores from the control treatment.
Germinated conidia after 1% or 3% chelidonine treatments
still had long hyphae, with approximately 80% of the
control, but without considerable ramifications.
3.2. Populin’s effects under field conditions
The apple scab severity on Golden leaves and fruits was
significantly reduced in both conventional and populin
treatment. Moreover, populin had the more noxious effect
on scab infestation on Golden leaves and fruits in the
first year of treatment compared with use of conventional
fungicides (leaves: FNT-CT = 7.37, PNT-CT = 0.001, FNT-PT =
11.47, PNT-PT = 0.0001, FCT-PT = 4.09, PCT-PT = 0.05; fruits:
FNT-CT = 13.77, PNT-CT = 0.0001, FNT-PT = 16.55, PNT-PT =
0.0001, FCT-PT = 3.78, PCT-PT = 0.05). No differences between
conventional and populin treatments were detected in the
second year (leaves: FNT-CT = 11.31, PNT-CT = 0.0001, FNT-PT =
13.27, PNT-PT = 0.0001, FCT-PT = 1.96, PCT-PT = 0.96; fruits: FNT= 15.08, PNT-CT = 0.0001, FNT-PT = 12.62, PNT-PT = 0.0001,
CT
FCT-PT = 2.05, PCT-PT = 0.85) (Figure 2a). The mean foliar
damage of apple scab on Jonathan was reduced following
both conventional and populin applications (leaves: FNT-CT
= 6.24, PNT-CT = 0.001, FNT-PT = 4.68, PNT-PT = 0.001, FCT-PT =
1.56, PCT-PT = 0.99); however, conventional treatments had
no effects on fruit infestation in the first year (fruits: FNT-CT
= 2.12, PNT-CT = 0.54, FNT-PT = 10.71, PNT-PT = 0.001, FCT-PT =
7.58, PCT-PT = 0.001). No differences (leaves: FNT-CT = 10.48,
PNT-CT = 0.001, FNT-PT = 6.24, PNT-PT = 0.001, FCT-PT = 2.23,
PCT-PT = 0.10; fruits: FNT-CT = 6.91, PNT-CT = 0.001, FNT-PT =
6.02, PNT-PT = 0.001, FCT-PT = 0.89, PCT-PT = 0.98) between
conventional and populin treatments were observed in the
second year of field application (Figure 2b).

3. Results
3.1. Populin’s effect on apple scab conidial spore
germination
According to gas chromatography analyses, all active
components were present from 95% to 99% in plants.
Thus, we can consider that pure extracts were used to
assess the effect on spore germination. Under laboratory
conditions, all plant extracts significantly reduced the
percent germination of apple scab conidia compared
with the control. Significant differences were observed
(P = 0.01) between percent germinated conidia using
either the 1% or 3% concentrations, with the exception of
chelidonine. Low numbers of germinated spores following
treatment with 3% concentrations of artemisinin, thymol,
or populin were observed (Figure 1; Table 4). With both
1% and 3% concentrations of artemisinin, thymol, and

Number of germinated conidia

90
80

a

1%

70

d

60

3%
d

50
40

b

b

30
20

c

b

c

10

c

0
Water

Artemisinin

Chelidonine

Thymol

Populin

Figure 1. The mean number of geminated conidia following treatment with 1% or
3% plant extracts or water (control). Different letters indicate statistically significant
differences (P = 0.01; Tukey test). Mean numbers of germinated conidia were calculated
from observation of 100 conidia in 3 × 1 cm2 areas of 6 petri dishes for a total of 1800
conidia.
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Table 4. Conidial spores germination data in laboratory, F-values, and significances by Tukey test.
Control

Art. 1%

Art. 3%

Chel. 1%

Chel. 3%

Thym. 1%

Thym. 3%

Pop. 1%

Pop. 3%

Control

36.69**

45.06**

13.72**

16.03**

33.13**

47.91**

34.02**

53.26**

Art. 1%

8.37*

22.98**

20.66**

3.56

11.22**

2.67

16.57**

11.93**

2.85n.s

11.04**

8.19**

2.31ns

19.42**

34.21**

20.31**

39.54**

Chel. 3%

17.11**

31.88**

17.99**

37.23**

Thym. 1%

14.78**

0.89

20.13**

Thym. 3%

13.89**

5.34*

Pop. 1%

19.24**

Art. 3%

31.35** 29.03**
Chel. 1%

ns

ns

ns

Art. = artemisinin, Chel. = chelidonine, Thym. = thymol, P. = populin.
**: P ≤ 0.001, *: P ≤ 0.01, ns: nonsignificant.

Percentage of scab
symptoms

4
3
2
1
0

Percentage of scab
symptoms

Field survey of apple scab on Golden Delicious
NT CT
PT
a
a
a
a
b
b b
c
b
b b
c

2

leaves 2010

leaves 2011

0.5
0

fruit 2011

Field survey of apple scab on Jonathan
NT

1.5
1

fruit 2010

a
a

a
b

b

leaves 2010

b

b

leaves 2011

a

a

PT

CT
b

b

b

fruit 2010

fruit 2011

Figure 2. Percentage of scab symptoms on leaves and fruits of
Golden Delicious (a) and Jonathan (b). Different letters indicate
statistically significant differences (Mann–Whitney test).
Abbreviations: NT – nontreated (control), CT – conventionally
treated with synthetic fungicides, PT – 1% populin-treated. Data
were collected by assessing 10 branches from the northern, 10
from the southern, 10 from the eastern, and 10 from the western
parts of the trees (n = 40/tree for each tree ≈ 90% of each tree).

4. Discussion
Because the orchards were abandoned for 6 years before
the experiment was initiated, it is less likely that resistance
of apple scab against conventionally used fungicides
existed. In our studies, although precipitation was very low
during the first year of the field study, and then in the next
year the extended wet spring conditions in the region were
favorable for scab infection, apple scab was present in the

commercial orchard on both cultivars, both on leaves and
fruits, and in both years of assessment. We concluded that
the severity of apple scab infestation on commercial apple
cultivars can be significantly reduced by using 1% populin
plant extract, a less expensive alternative and a highly
available product that will reduce conidia germination
and further infection by asexual spores. Populin had the
most noxious effect on scab infestation on Golden leaves
and fruits, and it significantly reduced scab severity
on Jonathan fruit in the first year of treatment (in dry
weather conditions). Synthetic fungicides had no effects
on scab infestation in Jonathan fruits during the first year.
Populin had a similar effect as synthetic fungicides on
both Golden and Jonathan in the second year (under wet
climate conditions). The repeated application of synthetic
fungicides throughout the growing season has been the
only approach to managing apple scab (Sutton et al., 2000).
According to Rosenberger and Cox (2010), several factors
may enable ascosporous infection to become established
in early spring and then progress during summer. When
the prebloom weather is dry, growers usually use extended
spray intervals for apple scab management (Rosenberger
and Cox, 2010). With this approach, control of conidial
infection becomes essential for further scab control.
Conidia located on the woody tissues may overwinter
in place and not undergo a sexual reproduction cycle in
warmer areas, so they can produce infective conidia in the
spring (Stensvand et al., 1998). According to our results,
populin is one of the most accessible extracts that could
be easily prepared by growers at a low cost (Figure 3).
This extract considerably reduced the germination of V.
inaequalis conidia and the infestation level was similar
or lower than that with conventional treatments. Much
more information, however, will be needed to test the
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Vegetation

end of

first ripe

fruit ripe for

coloring

period

flowering

fruits

picking

of leaves

Spraying
Doses g/L and
water need (L)
Times
used / year
Interval
Costs / 1 tree / 1
treatment in 2011
Cost / 1 ha
apple / 1
treatment in 2011

populin 1%
15 g for 15 L of water / tree
10 -12
5-7 days depending on rainfalls
0.32 USD or 0.25 EUR
34 USD or 26.16 EUR
Apple scab spraying program using populin. Costs for 1 ha were
calculated by considering 1500 L of sprayed water/ha

Figure 3 Recommended spraying programs to control apple scab using treatment with populin. Costs were
calculated by considering the mean commercial price of 1 kg of Populus, a mixture of buds and leaves, in spring
2011. Costs of Populus can differ ±10% between distributors.

long-term effects of populin extract on the development
of apple scab, including the durability of the plant extract’s
effectiveness. As our first populin applications were carried
out in the early vegetation period, the populin treatment
probably also had noxious effects on overwintering
ascospores. Ascospores produced by sexual reproduction
in the leaf litter constitute the primary inoculum causing
scab in commercial apple orchards (Sutton et al., 2000).
Populin application to the trees in autumn before leaf fall
would probably further reduce the following year’s scab
infestation; however, further experiments in this direction
need to be performed.
If the apple scab control using integrated management
programs receives attention in the future, populin extract

seems to be a low-cost option for growers and the most
environmentally friendly approach for effective disease
management (Holb, 2009). According to our results, we
concluded that controlling conidia germination with
populin may enable elimination or reduction of synthetic
fungicide usage, and may enable efficient organic and/
or integrated apple farming, especially in warmer apple
production regions.
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